Biltong is a dried ready to eat meat product that is produced and consumed to a large extent in Botswana. A study was undertaken with the objective of determining the microbial quality and isolating and identifying the predominant bacteria and fungi associated with the small scale production of biltong by local Butcheries. The physico-chemical characteristics of the commercially prepared beef samples were characterized to determine if they had a bearing on the microbial quality. Electron microscopy was used to characterize microbial colonization of the biltong. The total viable count of the biltong samples were found to range from 2 -7 log10 cfu/g with a mean plate count of 8.9 × 10 5 cfu/g. About 42% of the samples had counts higher than 10 5 cfu/g, which is the recommended upper limit of acceptability as prescribed by the Public Health Laboratory Service guidelines. Bacteria from the genera Staphylococcus and Bacillus were found to be the predominant taxa associated with the biltong, a trend consistent with findings in previous studies on biltong. A total of 14 species were identified from the genus Staphylococcus with 20% of all bacterial strains identified as Staphylococcus saprophyticus. Four biltong samples were found to comprise Bacillus cereus, a well known food-borne pathogen associated with food poisoning. The predominant moulds and yeasts were found to conform to findings from previous studies conducted on intermediate moisture meat products with the genera Aspergillus, Penicillium and Candida being common. The predominant fungal species were Candida catenulate, Candida pararugosa, Aspergillus restrictus and Aspergillus niger. Some strains of Aspergillus niger are known to produce mycotoxins which compounds the potential risk associated with biltong as a ready to eat meat product.
Introduction
Biltong is a ready-to eat meat product comprising of thin strips of dried meat which is spiced. The product is similar to the American dried meat product known as Jerky, but is indigenous to South Africa. The product was developed by the early Dutch settlers as way of preserving meat. Today, biltong as a food commodity has spread as far afield as the United Kingdom, Australia, Portugal, and the United States, partly through the emigration of South African citizens [1] [2] . Biltong can be consumed in its raw as a light snack. Its appeal as a snack has spread to sub-Saharian Africa, including countries like Botswana. Numerous commercial biltong brands are now produced by micro scale industries. Biltong is provided in small attractive plastic packaging in different spiced varieties. These commercial brands have proved popular and are available in almost all convenience and grocery stores.
Over the years the preparation of biltong has evolved according to different cultural practices different. The South African traditional method of preparation involves soaking the meat pieces in apple cider before spicing with coriander, black pepper, salt and brown sugar. This is followed by air dying [3] . Unlike other semi-dried meat products such as salami and cured sausages, microorganisms do not seem to play a role in the development of biltong flavor [4] . The divergence in production is in the spicing, which is used to achieve the unique distinct flavor of the various varieties. Biltong is flavored with various spices and salt and many of the spice formulations are passed on through generations, in home-made biltong [5] or special formulations derived by industries. Flavour and texture are important [6] in the appeal of biltong. Currently, it appears most consumers prefer the moist biltong with water activity (A w ) ranging from 0.85 -0.93 [1] [7] .
Meat is being highly nutritional and rich in proteins, consequently serves as a good substrate for microbial growth [8] . Therefore, the expectation is that in its raw state, meat is easily susceptible to colonization by various bacterial flora including fungi. Biltong as a dried meat product has been considered relatively safe in terms of microbial quality. This is with regard of the A w of 0.77 which is considered to be intolerable to most microorganisms and consequently biltong is considered stable from deterioration [9] . However, the fact that biltong as a snack is eaten raw, without cooking, raises questions about its safety. This concern stems from the way the product is processed. Sun drying exposes the meat to contamination from the air, which may contain aerosolized microorganisms, particularly moulds, and spores which being airborne are resistant to drying effects [8] . The drying process may therefore have an effect on the microbial quality of the product at the point of sale.
Previous studies on the microbial quality of biltong have largely been confined to South Africa. Earlier studies have revealed that biltong can serve as a vector for foodborne pathogens such as listeria, salmonella, enterotoxigenic Staphylococci spp and E. coli O157:H7 [3] [10] [13] . This concern has been substantiated by outbreaks of foodborne illnesses associated with the consumption of this product. At least two gastroenteritis outbreaks attributed to Salmonella have been documented in South Africa [14] [15] . Of particular significance is the outbreak in Botswana, in which 17 individuals were affected [16] . Unfortunately due to lack of local capacity in the investigation of outbreaks cases, the causative organism was not determined.
In Botswana, home production of biltong is common, but this practice is more widespread among rural communities due to the lack of refrigeration. Biltong is used as form for the bulk storage of meat. The majority of the population in the rural areas are poor, so plain salt is usually used to aid in the drying process. The meat is subsequently rehydrated by cooking and used as relish to accompany any starch dish (sorghum or maize meal) to make it palatable. Small scale biltong production in local butcheries is also still common practice in Botswana. The product is displayed in an unpacked state on a drying line and bought across the counter after selection by the customer.
Unlike in South Africa, the processing of biltong in Botswana does not involve soaking of meat in cider, the spices are applied directly onto the fresh meat, before solar drying in the open air. This is one of the intricate differences in biltong product production, which may have implications on the microbial quality. Therefore the present study was undertaken to provide information on the microbiological risk of biltong at the point of sale of butcheries in Botswana. The specific objectives of the study was to determine the bacterial and mycyological content and to elucidate whether various processing factors such as spices and salting had a bearing on the water activity and overall microbial quality of the biltong. This information would augment the current knowledge on the microbiological hazards associated with commercial biltong and help in establishing processing guidelines to ensure the safe production of biltong at the micro industry level.
Materials and Methods

Sampling Procedure
Biltong samples displayed on drying lines were bought from supermarkets around Gaborone. Samples were delivered to the laboratory in the plastic bags in which they were wrapped. Samples were examined on the same day, or were stored at 4˚C in sterilized empty jam jars covered with filter paper and examined the following morning.
Sample Processing
Using aseptic technique, 10 g of the sample were transferred into a sterile stomacher bag followed by the addition of 90 ml Ringer's dilution water (1:10 dilution). The sample in the stomacher bag and the diluent were then blended for 120 sec at high speed. Using the 1:10 dilution, serial dilutions were then prepared from 10 2 to 10 6 by transferring 10 ml homogenized sample (1:10 dilution) to 90 ml dilution blank, mixing well with vigorous shaking and continuing until 10 −8 was reached. The 10 3 to 10 −5 dilutions were plated on Nutrient agar for 24 h at 37˚C whereas on Potato Dextrose and acidified Corn Meal agar incubation was done at 25˚C for up to 5 days.
Isolation and Purification of Cultures
After incubation representative colonies were picked from each agar plate. The isolates were purified by several subcultures on Nutrient Agar (NA) for subsequent identification. Strains were maintained and propagated on (NA) slants at 4˚C. This procedure was carried out on subsequent microbiological examination.
Identification of Bacteria
The computerized Biolog system was then used to identify the organisms. The system uses an array of 96 enzymatic reactions to automatically identify each organism from a computerized database by matching the results of the reactions against enzymatic profiles of identified organisms. Gram-positive and Gram-negative bacteria were identified by preparing an inoculum of the culture (of a specific turbidity) according to methods described in the Biolog manual (Biolog Inc., California) and were inoculated in the 96 wells of the Biolog microtitre plates with the inoculum. Incubation of the Biolog plates was for 24 h at 37˚C, after which the commercial software by Biolog was used for identification.
Identification of Fungi
Isolation and characterization of the fungi was carried out using standard procedures as described by Ceigler A. and Lillehoj E. B. [17] , Samson R. A. and van Reenen-Hoekstra E. S. [18] and Elley E. [19] . References were made to Ainsworth G. C., et al. [20] and Samson R. A. and Pitt J. [21] .
Water Activity Determination
Samples (2 g) were each finely ground and placed in small containers that were then inserted in the Thermoconstanter, Novosina (Switzerland) for 30 min after which water activity values were read from the machine. All the samples were analyzed in triplicate.
Moisture Content Determination
Each of the samples (2 g) were ground and placed in a dry porcelain dish of known weight. The samples were oven dried at 102˚C for 6 h. There were then put in a desiccator to cool followed by reweighing. The percentage moisture content was then calculated using the following formula: 
Titrimetric Sodium Chloride Content Determination
The Mohr method was used for sodium chloride (NaCl) determination. The method involved the use of dilute (0.1 N) silver nitrate (AgNO 3 ) solution as the titrant and 2 ml of potassium chromate (K 2 CrO 4 ) as the indicator.
Titrations were performed to the characteristic yellow-orange end pint of the chromate indicator [22] .
Electron Microscopy Sample Preparation
Samples were cut ~1 cm 2 from the contaminated surface of the biltong. The bottom of each sample was glued with Leit-C carbon conductive cement onto a 10 mm pin-type Scanning Electron Microscopy aluminium stub. The samples were then vapour fixed with OsO 4 and coated with AuPd as previously described [23] . Each sample was investigated using the XL30 Environmental Scanning Electron Microscope (ESEM) in Low Vacuum (LV) mode.
Statistical Analysis
The Pearson correlation was used to determine if the physico-chemical factors such as moisture content, water activity, and NaCl content had a relationship with the total viable count. All statistical analyses were performed using the IBM Statistical Package for Social Sciences, SPSS Version 20 for windows (SPSS Inc., Chicago, IL, USA). Value of P < 0.05 was used to indicate significance.
Results
Microbial Quality
The microbial quality of the biltong was determined using the total viable count. The total viable count for all 62 biltong samples was found to range from 2.9 × 10 2 to 3.3 × 10 7 cfu/g with a mean plate count of 8.9 × 10 5 cfu/g. Only one sample fell in the lower end of the 10 2 cfu/g and 36 samples (58%) were found to have count below the 10 5 cfu/g which is the recommended limit of microbial safety of ready to eat foods at the point of sale according the to the Public Health Laboratory Service guidelines [24] . A significant proportion (42%) exceeded this recommended safety limit with 8 samples having counts equal or greater than 10 6 cfu/g ( Table 1 ).
Microbial Load and Physico-Chemical Parameters
The mean water activity of the Biltong samples was found to be 0.510 ± 0.077, while the mean NaCl content and moisture content was found to be 5.54 ± 1.93 (g/100g meat) and 21.4% ± 7.9% respectively. To determine if the physico-chemical properties such as moisture content, water activity, and NaCl content had a bearing on the total viable count, the Pearson correlation coefficient analysis using the various factors was conducted. Of the three factors, the water content was found to have a significant effect (Pearson correlation coefficient 0.29) on the total viable count at P 0.05. The NaCl content of the biltong was found to have a weak direct negative correlation with total viable count (Pearson correlation coefficient −0.25) and was not statistically significant.
Electron Microscopy
From the ESEM investigation it was evident that most of the samples had a clear salt crust formation (Figure  1(a) ). The salt did not always cover the entire meat surface. As a consequence of moisture loss during drying, the salt crust cracks due to shrinking. Initial aerial hyphae formation in the saline environment can be seen in Figure 1(b) . During the drying cycle cracks in the meat widens to allowing the formation of aerial hyphae more freely from a subsurface terrain (Figure 1(c) ). This is followed by a rapid increase of aerial hyphae growth until the surface is covered with fungi (Figure 1(d) ).
Diversity and Prevalence of Bacteria
The predominant bacterial strains colonizing the biltong samples were identified using the Biolog identification 
Diversity and Predominant Fungal Populations
Evaluation of the mycobiota revealed a diverse conglomerate of moulds and yeasts with fifty-five different species of fungi identified. Yeast of the genus Candida were the most frequently isolated fungi, with the species Candida catenulate and Candida pararugosa being the most predominant population ( Table 3 ). In terms of prevalence, the genus Candida was sequentially followed by members of filamentous fungi in the genus Asper- gillus and Penicillium. The genus Aspergillus showed the greatest diversity amongst all the fungi with eighteen species identified, while Candida had only eight species and Penicillum seven. Amongst the Aspergilli, Aspergillus restrictus and Apsergillus niger comprised the largest proportion of isolates while unidentified members of the genus Penicillium made up the largest group within the genus. Potato Dextrose agar was more efficient than Corn meal agar in the terms of the number and diversity of fungi isolated. A total of one hundred and twenty one isolates were obtained using Potato dextrose agar in comparison to one hundred and fifteen using Corn meal agar. In terms of fungal diversity forty-three different species were isolated in Potato dextrose agar and twenty-nine in Corn meal agar. Although there was slight concurrence in terms of isolating corresponding species in both growth media, Corn meal agar was more proficient in isolation of yeasts such as Candida famata, Pichia mexicana and Rhodoturula glutinis.
Discussion
Total Viable Count and Microbial Quality
The efficacy of biltong in extending the shelf life of meat can be assessed by the inhibition of spoilage microor ganisms such as Pseudomonas spp and Lactic acid bacteria. More importantly, an infectious dose of pathogenic microorganisms should be devoid from the food product at the time of consumption. The total viable bacterial count is a microbial parameter which can be used to evaluate the level of contamination by microorganism and consequently can be used to determine if the food is fit for human consumption. In this study, 85% of the samples had TVC plate counts between the range of 3 log 10 cfu/g and 5 log 10 cfu/g. The counts are slightly lower than those recorded for previous studies carried out in South Africa. In early studies carried out by Osterhoff D. R. and Leistner L. [9] and Prior B. A. [4] they documented bacterial plate counts between 5 and 7 log 10 cfu/g. This compares well with total viable counts from recent studies carried out by Mhlambi S. G. et al. [17] and Naidoo K. and Lindsay D. [2] that had bacterial counts ranging from 6 -7 log 10 cfu/g and slightly higher than the 4 -6 log 10 cfu/g reported by Shale K. and Malebo N. J. [25] . The wide disparity in bacterial viable counts obtained across the various studies suggests that various post slaughter processing factors are responsible for M. I. Matsheka et al.
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bacterial contamination of biltong.
The Predominant Biota Associated with Biltong
The composition of the residual predominant microbiota in food products is also known to be determined by the handling, processing and storage conditions. Interaction of all these predisposing factors could explain the principal bacterial populations associated with biltong in this study. Members of the genus Staphylococcus and Bacillus were found to predominant taxa associated with the biltong, a trend consistent with findings in previous studies conducted in the region [2] [25] [26] . The fore mentioned genera have been found to be predominant in other similar dried meat products [27] . Unlike in other studies carried out by Shale K. and Malebo N. J. [25] , Naidoo K. and Lindsay D.
[2] and Mhlambi S. G. et al. [11] , Staphylococcus aureus, a well-known food-borne pathogen, was not isolated in this study. Our results are similar to that of the previous study by Bokkenheuser [14] in which coagulase negative staphylococci were characterized but no Staphylococcus aureus strains isolated. Staphylococcus saprophyticus was the most frequently isolated bacterial species occurring at a 20% prevalence rate. Its occurrence in biltong has also been noted in previous studies by Naidoo K. and Lindsay D. [2] and Mhlambi S. G. et al. [11] . Together with Staphylococcus equorum this species has also been isolated frequently from Italian fermented sausages [28] . It is worth noting that an enterotoxin D producing Staphylococcus equorum isolate from biltong has been characterized by Shale K. and Malebo N. J. [25] . Two Staphylococcus equorum strains were also isolated in this current study, although enterotoxin production was not determined.
Among the genus Bacillus, the species Bacillus amyloliquifaciens and Bacillus lichenformis were found to be co-dominant species found on biltong. Bacillus cereus an endospore forming bacteria that is renowned for causing food poisoning [29] was isolated from 4 biltong samples. Bacillus species are known to commonly occur in meat products, but the presence of B. cereus in meat cured meats is rarely reported in literature [30] . The incidence of Bacillus cereus in biltong has also been documented by Shale K. and Malebo N. J. [25] in which 90 strains were isolated and further characterized by antimicrobial susceptibility testing. The authors found that some biltong samples had B. cereus levels on par with counts associated with actual cases of food-borne illness, although enterotoxin production was not determined. The B. cereus counts in this study ranged from log 3 -4 cfu/g (results not shown), which falls within the acceptable limits of the Public Health Laboratory Service guidelines [24] .
Colonization of food commodities by moulds and yeasts are a common occurrence in post harvest-storage of food products. Species of, Eurutium, Penicillium and Aspergillus are frequently found on the surface of dried cured meat products [27] . Amongst the yeast, the genera Candida, Torulopsis and Debaryomyces are frequently associated with meats [31] [32] . A similar trend was observed in this study whereby the leading genera that was frequently isolated amongst the yeasts was Candida and among the moulds Aspergillus and Penicillium. Candida catenulate and Candida pararugosa were the most common species isolated within the genus Candida while Aspergillus restrictus and Apsergillus niger the predominant species in the Aspergilli. This is the first report highlighting the dominance of these particular species on biltong or an intermediate dried meat product and implies that these species could be the prevalent circulating biota in the local environment and thus the most likely to contaminate meat. In a study conducted by Rahman M. S. et al. [8] , they found that the post-drying residual microbial biota was the representation of the initial species complex on the original meat sample. Certain species or strains of Aspergillus, Penicillium and Fusarium are associated with mycotoxin production and the detection in biltong illustrates its potential hazard as a source of mycotoxin intoxication.
Physico-Chemical Characteristics and Microbial Quality
Apart from the availability of nutrients, the survival and growth of microorganisms in foods is determined by extrinsic factors such as temperature, moisture availability and the composition of the gaseous environment. The removal of moisture by drying is an effective strategy for inhibiting microbial growth. The mean water activity of 0.51 of biltong in this study shows suggest that the biltong was extremely dry compared to what is preferred by South African consumers [1] . This could explain why the total viable count for most biltong samples in this in this study, were lower than those in other literature. However, water activity did not seem to have any significant correlation with the total viable count. The salt concentration of 5.54% falls within the 3% -13% range found in other published studies [33] . High salt (NaCl) concentration had a weak correlation with lower micro-bial counts, suggesting that limited salt application can be used to aid in the drying process of biltong. This is in lieu of the negative health effects associated with a high dietary salt intake.
Unless an animal is carrying an asymptomatic infectious disease, fresh meat is theoretically considered sterile at the time of slaughter. However, meat is highly nutritious medium and as a result prone to microbial deterioration. Therefore, it is probable that the observed level of contamination of the biltong in this study reflects on the sanitary conditions of the slaughter house and butcheries, as well as the hygiene practices of the personnel involved in processing of the biltong. As noted by Rahman M. S. et al. [8] the extensive handling of meat during butchering and preparation of strips for drying is an aspect that contributes to high microbial contamination. The presence of Staphylococcus and Bacillus in the biltong samples suggests cross-contamination of the biltong during processing. Possible sources of contamination by could be through the hide of the cattle during slaughter or through hands of the personnel during processing [3] . Human are an important source of Staphylococcus species as they form part of the commensal biota of the nose, throat and skin [34] . The study by Naidoo and Lindsay [2] found that cross contamination of food contact surfaces and hands of retailers to be the source for Staphylococci and Bacillus. Bacillus species normally inhabit the soil and their introduction into biltong could have been raw materials used in the drying process such as spices. Bacillus spp have been associated with spices in dried food products [35] . The high viable bacterial counts of biltong in this study could also be attributed to the fact that the product was sold in unpacked form.
Conclusion
Although most of the biltong produced in Botswana butcheries was found to be of acceptable quality, the occurrence of pathogenic bacteria such as Bacillus cereus and potential mycotoxin producing fungi such as Apsergillus niger in some samples indicates the latent risks associated with biltong consumption. This study underscores the importance of periodic surveillance of ready to eat food products and confirms the predominant genera of semi-dried meat products. Furthermore, an extensive array of bacterial species and fungi associated with biltong production is documented. This information could be useful in the development of biltong processing. As apart from pathogenic properties, microorganisms play a role in food preservation, organoleptic properties and development of flavor.
